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Abstract
The on-chip integration of quantum light sources and nonlinear elements poses a serious
challenge to the development of a scalable photonic platform for quantum information and
communication. In this work we demonstrate the potential of a novel hybrid technology which
combines single organic molecules as quantum emitters and dielectric chips, consisting of ridge
waveguides and grating far-field couplers.Dibenzoterrylene molecules in thin anthracene crys-
tals exhibit long-term photostability, easy fabrication methods, almost unitary quantum yield
and life-time limited emission at cryogenic temperatures. We couple such single emitters to
silicon nitride ridge waveguide with a coupling efficiency of up to 42 ± 2 %, considering both
propagation directions. The platform is devised to support both on-chip and free-space single
photon processing.
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Optical quantum technologies rely on efficient
sources ofnon-classicallight. 1,2 In particular,
bright and reliable sources of single photons are
a key ingredient for linear optical quantum com-
puting (LOQC), 3 boson sampling algorithms,
secure quantum communications4and quantum
imaging.5 In this context, single quantum emit-
ters (QEs) under pulsed excitation have been
proposed as deterministic sources of indistin-
guishable single photons.6 They represent an
alternative route to heralded photon genera-
tion from parametric down conversion,7 insofar
as decoherence and losses are suppressed.
Enhancement and control of light-matter intera-
ction through dedicated interfaces is hence cru-
cial, allowing for efficient collection and process-
ing of the delivered photons. Optical cavities
for example are employed to improve bright-
ness and indistinguishability of single photon
sources,8–10 allowing as well for optical non-
linearities in the few photon regime.11,12 The na-
noscale field confinement in dielectric and pla-
smonic antennas has also been put forward13
to yield unidirectional emission,14,15 almost
unitary collection efficiency16 and fast repetition
rates.17 On the other hand, long-distance quan-
tum communication and LOQC require the
coupling of single photons to well-defined prop-
agating modes,i.e. to optical fibers18,19 or in
integrated photonic platforms.20 In particular,
direct coupling of QEs to single mode waveg-
uides (WGs) in a planar geometry is favorable
for realizing integrated quantum photonic cir-
cuits,21–24 targeting also logic operations 25,26
and single photon detection on the same chip.
In this respect, high coupling efficiency can be
obtained in photonic-crystal WGs,27,28 whereas
on-chip ridge geometries29–31 allow for long-
range propagation and direct signal processing.
Notably, positioning QEs in the pronounced
evanescent field attainable in ridge WGs has
been proposed for efficient collection into on-
chip guided modes.29,32?
We demonstrate here the emission of sin-
gle photons from Dibenzoterrylene (DBT)
molecules into Si3N4 ridge WGs at room tem-
perature. DBT molecules embedded in a rigid
matrix of crystalline anthracene (Ac) show pho-
tostable emission both at room and at cryogenic
temperatures. Moreover, at 3 K, the emitted
photons can be made indistinguishable with
30 % emission into the zero phonon line, and
are therefore wellsuited for carrying quantum
information with high fidelity. 33 The DBT:Ac
system holds promise becauseof an almost
unitary quantum yield and negligible blinking,
limited by the intersystem crossing yield (10−7)
to the short-lived triplet state. 34,35 This behav-
ior is preserved also in crystals as thin as 50 nm,
obtained by drop-casting DBT:Ac in solution
onto a rapidly spinning plate, thus enabling a
straight-forward integration36 (see also SI).In
this work, nanoscale emitters are spin-coated
onto the photonic chip, containing WGs and
far-field couplers as sketched in Fig.1a. DBT
single photon emission is hence coupled to the
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Table 1: Performances and efficiencies of the
same device as in Fig.3.
g2(0) off-chip purity measured 0.33 ± 0.09
Sc fluo. signal measured 48 ± 4 kHz
B background measured 10 ± 2 kHz
τ Lifetime measured 4.2 ± 0.4 ns
QY quantum yield Ref 41 ≃ 95 %
s saturation estimated ≃ 1/5
ηc coupler eff. measured 25 ± 2 %
ηopt optics trans. measured ≃ 10 %
ηdet detector eff. specs ≃ 50 %
ηf coll. efficiency simulations 5.0 ± 1.5 %
from exc. spot
g2on(0) on-chip purity 1 +
g(2) (0)−1
[(Sc−B)/S c ]2 0.02 ± 0.12
βest SM-WG coup. (Sc−B) 2τ (s+1)/sQY η c ηopt ηdet ≃ 17 %
βmeas SM-WG coup. S˘c /η cS˘c /η c+ S˘f /η f 20 ± 5 %
for the specific device (with uncertainty due to
inaccuracy in the laser in-coupling and evalu-
ated as a one standard deviation value) and
the transmission through filters+optics to be
about 10 %. Assuming then a quantum yield
of approximately 95 %, a saturation parameter
s ≃ 1/5 and a detector efficiency η det = 50 %,
we obtain βest ≃ 17 %. Alternatively, the beta-
factor can also be determined by comparing
the fluorescence intensity on the EM-CCD cam-
era in the coupler areas S˘c with the molecule
residual emission into free space S˘f   , taking into
account the corresponding collection efficien-
cies (ηi )a. With these definitions, the coupling
probability into the WG can be obtained as
βmeas = S˘c /η cS˘c /η c+ S˘f /η f . For light coming from the
WG-guided mode, the collection efficiency is de-
termined by the efficiency of the grating cou-
pler only, since the scattered mode entirely fits
within the objective numerical aperture (NA).
In contrast, the collection efficiency η f for the
residual light emitted into free space is depen-
dent on the radiation pattern of the emitter and
the NA of the objective. For the estimation of
aBackground subtraction is performed against an av-
erage of reference frames, corresponding to positions on
the crystal without molecules.
this geometrical parameter, we rely on numeri-
cal simulations (see SI), confirmed also by semi-
analytical calculations for the radiation pattern
of a Hertzian dipole embedded in the 2D mul-
tilayer system which represents the sample.15
We find ηf = 5.0 ± 1.5 %, where the error bar
is estimated by varying the dipole position and
orientation within the anthracene layer. Using
such estimate for η f, we then determine βmeas
solely from EMCCD images,obtaining a value
of 20 ± 5 % for the device discussed in Fig.3 and
in Table 1. We can hence conclude that the two
determination of the molecule-WG coupling ef-
ficiency are consistent. We note also that the
latter method is more trustworthy, being inde-
pendent from the setup response function and
from the molecule QY.
Using the second approach we then character-
ized several devices, obtaining a range of differ-
ent coupling efficiencies with a peak value of
βmeas = 42 ± 2 %. Further analysis on the spa-
tial dependence of the coupling mechanism for
the device with the best performances is pro-
vided in the SI. The variability in βmeas can
be attributed to the possible span in the crys-
tal thickness, to the random in-plane orienta-
tion of the molecule with respect to the WG
mode and also to the different molecule posi-
tion within the anthracene crystal. In order to
further quantify the origin of this variation, we
performed additional FEM simulations in 3D.
The simulated structure is outlined in Fig.4a
(see SI for details): the anthracene layer thick-
ness is varied within the experimentally esti-
mated range. We assume for the refractive in-
dices nAc = 1.8, nSi3N4 = 2 and nglass = 1.51.
The DBT molecule is modeled as a Hertzian
dipole, placed in the anthracene layer at a vari-
able vertical distance from the top surface (dy)
and horizontally at the center of the waveguide,
with orientation E x parallel to the most promi-
nent field component of the only guided mode.
In panels b, c, and d we report the electric
field norm for a crystal thickness (h) of 100 nm
and dy = 10 nm in three sections of the simula-
tion domain, as marked in the cartoon. From
these simulations the β factor can be extracted
as the ratio between the Poyinting vector flux
through the WG (the detector area being the
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Table 2: Best measured efficiencies and extrap-
olated performances at saturation for our inte-
grated single photon source,based on a single
DBT:Ac molecule coupled to a ridge SiN WG.
ηc coupler efficiency measured 40 ± 2 %
βmeas SM-WG coupling S˘c /η cS˘c /η c+ S˘f /η f 42 ± 2 %
Ssaton photon flux 14τ QY βmeas ≃ 24 MHz
on-chip @ sat.
BRsatoff off-chip brightness QY βmeas ηc ≃ 16 %
QEs in a single one-dimensionalchannelcould
allow the study of manybody effects and quan-
tum correlations.27,43,44 In order to enhance the
coupling efficiency to the WG mode while keep-
ing on-chip losses small, more complex photonic
designs can be envisioned, which are compatible
with the same fabrication procedure. Replac-
ing one output coupler with a Bragg mirror at
the appropriate distance would readily provide
a factor of 4 improvement,29whereas inscribing
a slot into the ridge WG would yield a higher
field concentration. Finally, we are consider-
ing breaking the translational invariance and
engineering a higher group index for the same
mode area with corrugated-type waveguides,45
or hybrid photonic crystal ones,yielding high
effective photon masses.46
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